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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to an aqueous dispersion of a vinylidene fluoride copolymer, and an aqueous 
dispersion of a vinylidene fluoride seed polymer. The above-mentioned aqueous dispersion of a vinylidene fluoride 
copolymer and aqueous dispersion of a vinylidene fluoride seed polymer are used suitably, for example, for paints for 
aqueous coating. 

10 BACKGROUND ART 

[0002] Hitherto fluorine-containing paints being excellent in water resistance and weather resistance have been used 
as paints for various buildings. However, many of the above-mentioned fluorine-containing paints are of organic solvent 
type, and fluorine-containing paints of aqueous type have been required from safety and environmental protection 

IS points of view. Many proposals have been made as to aqueous dispersion of a fluorine-containing polymer vkfhich Is a 
base component of fluorine-containing paints of aqueous type and as to processes for preparation thereof. 
[0003] For Instance, In JP-B-33848/1986 there is described a process for preparing an aqueous dispersion of a 
fluorine-contalnlng-elastomer made of vinylidene fluorlde-tetnafluoroethylene-hexaf luoropropylene, which has a parti- 
cle size of 0.02 \vm, in the presence of a fluorine-containing surfactant which has a potymerizable double bond and is 

20 represented by 



wherein n Is an integer of 1 to 7, is an amine or an alkali metal. However, though there Is obtained an aqueous 
dispersion containing small particles, since the content of the dispersed elastomer is not more than 25 % by weight, 
the obtained aqueous dispersion is Insufficient as one for an aqueous paint because a thickening effect by a thiclcener 
30 is not enough. Further there is no description as to stability of the elastomer-dispersed particles when the solid content 
is increased and also as to the use for an aqueous paint. 

[0004] JP-B-55441/1992 discloses a process for emulsion-polymerizing an ethylenically unsaturated monomer In 
the presence of fluorine-containing polymer particles in an aqueous medium, and JP-A-7784/1991 discloses a process 
for emulsion-polymerizing an ethylenically unsaturated monomer In the presence of vinylidene fluoride copolymer par- 

35 tides in an aqueous medium. Those patent publications describe seed polymerization of an aciyiic monomer, but there 
is no description therein as to controlling the size of seed particles used for seed polymerization and as to use for seed 
polymerization of seed particles prepared by employing a reactive emulsifying agent. When seed particles of not more 
than 50 nm are used, problems arise, sincethe viscosity of the obtained aqueous dispersion becomes high, the aqueous 
dispersion having a high solid content cannot be obtained and coagulation occurs when the aqueous dispersion is 

40 used under high shear force. 

[0005] Also JP-B-4396/1 975 discloses a process for preparing an acrylic emulsion system wherein a microemulsion 
having an average particle size of not more than 50 nm Is prepared by copolymerizing with acrylic acid at the copoly- 
marization and then neutralizing the produced emulsion with ammonia. In the polymerization of fluorine-oontaining 
olefin, particularly vinylidene fluoride monomer, if a non-fluorine-contalning cartoxylic acid monomer such as acrylic 

45 acid Is present, the polymerization Is Inhibited remarkably. Therefore, no polymerization of a fluorine-containing olefin 
has been made actually In such a system. 

[0006] in JP-B-1 7858/1974, there is disclosed a process for copolymerizing a linear saturated fluorine-containing 
elastic resin with a fluorine-containing vinyl compound having -COOH group on its side chain in order to introduce 
crosslinkable groups into the elastic resin, but there is no description as to an aqueous dispersion, control of particle 

50 size of particles in the aqueous dispersion and an aqueous paint. 

[0007] In "KobunshI Ronbunshu" Vol. 36, No. 11 , pp. 729-737 (1979), there Is disclosed that when a large amount 
of various surfactants Is used In emulsion polymerization, particles of a polymer become smaller, and that even if a 
mixture of an anionic surfactant and a nonionic surfactant is used in polymerization of an acrylic monomer, the same 
effect as in case of using an anionic surfactant can be obtained. However If a large amount of such surfactants is used, 

S5 adverse effects arise such that when a coating film is formed with an emulsion paint, precipitation of the surfactant 
occurs and that water resistance of the coating film is lowered. 



[0008J In JP.B-79249/1 993, JP-B-B5575/1 993 and JP-A-255222/1 993. there Is disclosed that a compound of the 
formula 



CFt = CP-OHCFih-COOM 



25 
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CF. = CFCF,-0-(CF(CF,)CF,OhrCP(Cr,)T, 

5 

CFt = CF-0-{CFXhrY, 

10 wherein n is an integer. Y fs SO3M or COOM (M is an amine salt or an allcail metal), X is F or CF3, or the lilce is 
copolymerized with tetrafluoroethylene, and the obtained copolymer is used as an ion-exchange membrane. In those 
patent publications, there are examples of solution polymerization to obtain the Ion-exchange membrane, but there is 
neither an example of emulsion polymerization in an aqueous medium nor a disclosure of an aqueous paint. 
[0009] EP-A-0 360 575 discloses vinylidene fluoride polymers used as seed particles In emu Is Ion -polymerization. 

IS An aqueous fluorine-containing polymer dispersion Is obtainable by reacting 5 to 95 parts by weight of a monomer 
mixture consisting of at least one monomer selected from al)<yl acrylates and allcyl methacrylates and optionally an 
ethyienicaily unsaturated compound copoiymerizable with the alkyi acryiates and the alkyi methacrylates in an aqueous 
medium in the presence of 100 parts by weight of particles of a vinylidene fluoride polymer. The partlde size of this 
seed vInylkJene fluoride polymer falls in the range of from 0.05 to 3 ^m. According to one example of this disclosure 

20 a vinylidene fluoride polymer dispersion Is prepared having a solid content of 60 % and an average particle diameter 
of 0.27 ^un. 

[0010] EP-A-O 041 735 discloses fluorine polymers having acid functionality. The polymerization of vinylidene fluoride 
with ethyienicaily unsaturated perfluorinated surface active compounds Is described. These fluorine polymers are use- 
ful as Ion exchange membranes In electrolytic cells. 

29 [0011 J An object of the present invention Is to provide an aqueous dispersion of a vinylidene fluoride copolymer being 
exellent in stability against sedimentation and having a high solid content of 30 to 60 % by weight in the aqueous 
dispersion and a smalt average particle size of the copolymer of not more than 200 nm; an aqueous dispersion of a 
vinylidene fluoride seed polymer having a small average particle size of the seed polymer of not more than 250 nm 
and a high solid content of 30 to 60 % by weight of the seed polymer; and processes of preparation thereof. These 

30 dispersions are suitable to endow aqueous paints prepared by employing each aqueous dispersion with water resist- 
ance, weather resistance, chemical resistance and highly glossy film forming property. 

DISCLOSURE OF THE INVENTION 

3s [0012] The present invention relates to an aqueous dispersion of a vinylidene fluoride copolymer, characterized In 
that the dispersion has a solid content of 30 to 60 % by weight and an average particle size of the copolymer of not 

more than 200 nm; the copolymer being prepared by copolymerizing vinylidene fluoride monomer with at least one 
reactive emulsifying agent selected from the group consisting of those represented by the formula (I): 

40 

CF, = CFHCF.h-Y (I) 



45 wherein a is an Integer of 1 to 1 0, Y is S03i\^ or COOM (M is IH. NI-I4 or an alkali metal), the formula (II): 



CF, = CFHCF,CFXh-Y (II ) 

50 

Wherein X Is F or CF3, b Is an integer of 1 to 5, Y Is SO^M or COOM (M is H. NH4 or an alkali metal), the formula (III): 



CF2 = CF-OHCFX)-j-Y (ni) 
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wherein X is F or CF3. c is an Integer of 1 to 1 0. Y Is SO3M or COOM (M Is H. NH4 or an alkali metal), the formula (IV): 

^ CPt = Cr-OHCP,CPIO^CF,CF,-Y (IV) 

wherein X Is F or CF3, d is an integer of 1 to 1 0, Y is SO3M or COOM (M Is H, NH^ or an alkali nnetal), the formula (V): 

10 

CHx = CFCF^-OHCF (CF3) CFiO^^CF (CF,) -Y (V) 

15 Wherein e is 0 or an integer of 1 to 10, Y Is SO^M or COOM (M Is H, NH4 or an alkali metal), and the formula (Vi): 

^ CF, = CFCF,-0-iCF(CF,)CFtO}pCF{CF,)-Y (VI ) 

wherein f is an Integer of 1 to 10. Y Is SO3M or COOM (M is H. NH4 or an alkali metal). 

[00131 Furtlier the present invention relates to an aqueous dispersion of a vinyildene fluoride seed polymer prepared 
25 by emulsion-polymerizing an ethyienically unsaturated monomer in the presence of vinylidene fluoride copolymer par- 
ticles, characterized in that the vinyildene fluoride copolymer Is a copolymer prepared by copolymerizlng vinylidene 
fluoride monomer with at least one reactive emulsifying agent selected fnjm the group consisting of those represented 
by the fonnuia (I): 

30 

CF. = CF-(CFth-Y (I) 
wherein a Is an Integer of 1 to 10. Y Is SO3M or COOM (M Is H, NH4 or an alkali metal), the formula (II): 

35 

CF, = CF-(CFeCFX^rT (II ) 

40 

Wherein X Is F or CF3, b Is an integer of 1 to 5. Y is SO3M or COOM (M Is H, NH4 or an alkali metal), the fomiula (ill): 

45 CF, = CF-O-iCFIh-Y (III) 

wherein X is F or CF3. c Is an Integer of 1 to 1 0. Y Is SO3M or COOM (M Is H, fMH4 or an alkali metal), the formula (iV): 

so 

CF, = CF-0HCF,CFI0)7-CF,CF2-Y {IV ) 

55 wherein X is F or CF3, d is an integer of 1 to 1 0, Y Is SO3M or COOM (M Is H. NH4 or an alkali metai), the formula (V): 
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CH« = CPCFj-0-(CF (CF3) CF.O^^CF (CFi) -Y (V) 

5 

wherein e is 0 or an integer of 1 to 10, Y is SO3M or COOM (M is H, NH4 or an allcall metal), and the fonnuia (VI): 



CF, = CFCFi-0-{CF(CF,lCF,O^CF(CFs)-Y {VI) 



wherein f is an integer of 1 to 10, Y is SO3M or COOM (M is H, NH4 or an all^ali metai), 

and that the dispersion has a solid content of 30 to 60 % by weight and an average particle size of the seed copolymer 

19 of not more than 250 nm . 

Description of the Preferred Embodiments of the Invention 

[001 4] The aqueous dispersion of the vlnylidene f iuoride copotymer of the present invention is an aqueous dispersion 

20 of a vinyildene fluoride (VdF) copolymer obtained from VdF monomer and a reactive emulsifying agent. 

[00151 "^he above-mentioned reactive emulsifying agent is a fluorine-containing compound having a polymerizabie 
C=C double bond and a hydrophiiic group in its molecuie. and is at least one compound selected from the group 
consisting of those represented by the fonnula (I): 

2S 

CF* = CF-(CF,h-T (I) 



30 Wherein a is an integer of 1 to 10, Y is SO^M or COOM (M is H, NH4 or an alkali metal), 
the formula (II): 



35 CF. = CF-{CF*CFXh-T {[I ) 



wherein X is F or CF3, b is an integer of 1 to 5, Y is SO3M or COOM (M is H, NH4 or an aiicali metai). 
thefonmula (III): 

40 

CFt = CY'O-imh-l (III) 

45 

wherein X Is F or CF3, c Is an Integer of 1 to 10, Y Is SO3M or COOM (M is H, NH4 or an alkali metal), 
the formula (IV): 



50 

CF, = CF-0-(CF,CFXO}7~CF,CF,-Y {W ) 



wherein X is F or CF3, d is an integer of 1 to 1 0, Y is SO3M or COOM (M is H, NH4 or an alkali metal), 
55 the formula (V): 



5 



m . . # 



EP077d335B1 



CH, = CFCP.-O-iCF (CFa) CF.O^t-CP (CP,) -Y (V) 

5 

wherein e is 0 or an integer of 1 to 10, Y is SO^M or COOM (M is H, NIH4 or an alkali metal), and the formula (VI): 



CF* = CFCF,-0-(CF (CFa) CF.O^^CF (CF,) -Y { VI) 



wherein f is an integer of 1 to 10, Y is SO3M or COOM (M is H, NH4 or an alkali metal). 

[00161 In the above-mentioned fomnula (I), it is preferable that a is an integer of 1 to 5 from the viewpoint of surface 
IS activating ability of the reactive emulsifying agent, that Y is COOM from the viewpoint of stability of the compound and 
that M is IH or NH4 from the viewpoint of water resistance of a coating film. 

[0017] Examples of the compound represented by the above-mentioned fomnula (I) are, for Instance, CFg^CF-CFg- 
COONH4. CF2=CF-CF2-CO0H. CF2=CF-CF2CF2COOH, CF2=CF-CF2-COONa, CF2=CF-CF2-S03NH4, CF2=CF- 
CF2-SO3H, CFg^CF-CFgCFgSOsH and CFg-CF-CFgCFgSOaNa. CF2=CFCF2COONH4 is preferable from the view- 
20 point that an aqueous dispersion of a VdF copolymer having a small particle size can be obtained at a high concen- 
tration. 

[0018] In the above-mentioned fonnula (II), it is preferable that X is CF3 from the viewpoint of stability of the com- 
pound, that b Is an integer of 1 to 3 from the viewpoint of surface activating ability of the reactive emulsifying agent, 
that Y is COOM or SO3M from the viewpoint of stability of the compound and that M is H or NH4from the viewpoint of 
25 water resistance of a coating film. 

[0019] Examples of the compound represented by the above-mentioned fomnula (II) are. for Instance, 



30 



I 



CF2 = CFCF2CF-COOH , CF2 = CFCF2 CF-SOgH, 



35 



CF. 



CF, 



CF2=CF (CF2CF)2COONH4, CFg = CFCF 2CFSO3 NH4 , 



CF, 



I 



CF2 = CFCF2 CF-COONa, CF2= CFCF2 CF-SO3 Na 



4S 



and 



CF, 



50 



CF2=CF (CF2CF)2 COOH 



[0020] From the viewpoint that an aqueous dispersion of a VdF copolymer having a small particle size can be ob- 
S5 tained, 
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CP. 

CF, = CF(CF,CF),C0OH 

5 

is preferable. 

[0021] In the above-mentioned fomnula (III). It is preferable that X Is F or CF3 from the viewpoint of stability of the 
compound and weather resistance, that cIs an integer of 1 to 5 from the viewpoint of surface activating ability of the 
reactive emulsifying agent, that Y Is COOM or SO3M from the viewpoint of stability of the compound and that M is H 
or NH4 from the viewpoint of water resistance of a coating film. 

[0022] Examples of the compound represented by the above-mentioned formula (III) are, for instance, CF2=CF- 
OCF2CF2CF2COOH, CF2=CF-OCF2CF2COONH4 and CF2=CF-OCF2COOH. CF2=CF-OCF2CF2CF2COOH is prefer- 
able from the viewpoint that an aqueous dispersion of a VdF copolymer having a small partlde size can be obtained. 
IS [0023] in the above-mentioned fonnula (iV), it is preferable that X is F or CF3 from the viewpoint of stability of the 
compound and weather resistance, that d Is an Integer of 1 to 5 from the viewpoint of surface activating ability of the 
reactive emulsifying agent, that Y is COOM or 5O3M from the viewpoint of stability of the compound and that M is IH 
or NH4 from the viewpoint of water resistance of a coating film. 

[0024] Examples of the compound represented by the above-mentioned formula (iV) are, for instance, CF2==CF-0- 
20 CF2CF(CF3)-OCF2CF2-COOH. CF2=CF-0-CF2CF(CF3)-OCF2CF2-COONH4, CF2=CF-0-CF2CF(CF3)- 

OCF2CF2SO3H and CF2=CF-0-CF2CF(CF3)-OCF2CF2S03NH4. 

[0025] From the viewpoint that an aqueous dispersion of a VdF copolymer having a small particle size can be ob- 
tained, CF2=CF-0-CF2CF(CF3)-OCF2CF2-COOH and CF2=CF-0-CF2CF(CF3)-OCF2CF2-S03H ara preferable. 
[0026] In the above-mentioned formula (V), it is preferable that e Is an integer of 1 to 5 from the viewpoint of surface 
25 activating ability of the reactive emulsifying agent, that Y Is COOM from the viewpoint of stability of the compound and 
that M Is Na or NH4 from the viewpoint of water resistance of a coating film. 

[0027] Examples of the compound represented by the above-mentioned fonnula (V) are, for instance, 

30 

CFo CFq CFo 

CH2= CFCF2 OCFCOONa , CH2= CFCFg OCFCFg OCFCOONa , 

3S 

CF3 CF3 

CH2= CFCFaO-f CFCFjO ^ CFCOONa , 



40 



CF3 CF3 CF3 

45 I II 

CH2 = CFCF2 OCFCOONH4 , CH2 = CFCF2 OCFCF2 OCFCOONH4 



and 

so 



CF, CF, 
1 ^ I ^ 

CH 2= CFCFj 0-4 CFCFi 0 h- CFCOONH4 
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From the viewpoint that an aqueous dispersion of a VdF copolymer having a small particle size can be olJtalned, 
CH2=CFCF2OCF(CF3)C00NH4 and CH2= CFCF20CF(CF3)CF20CF(CF3)COONH4 are preferable. 
[0026] in the above-mentioned formula (Vi), It Is preferable that f Is an Integer of 1 to 5 from ttie viewpoint of surface 
activating ability of the reactive emulsifying agent, that Y is COOM from the viewpoint of stability of the compound and 
that M Is iH or NI-I4 from the viewpoint of water resistance of a coating film. 

[0029] Examples of the compound represented by the above-mentioned fonnula (Vi) are, for Instance, 

CFg CF» 

CF2=CFCF2-0-CF-CF2-0-CFCOOH, 



^^3 CF3 
CF2=CFCF2-0-CF-CF2-0-CFCOONH4 , 



C F, CP, 
CF2=CFCF2-0-CF-CF„-0-CFSO,H 



and 



C Fg C F, 

CF2=CFCF2-0-CF-CF2-O-CFSO3 NH4 

[0030] From the viewpoint that an aqueous dispersion of a VdF copolymer having a small particle size can be ob- 
tained, 

CP, CF3 

CF2-CPCF2-0-CF-CF2-0-CFCOOH, 



CP, 

CFj-CFCFj-O-CF-CFj-O-CFCOONH, 



and 



C F, C F- 

I I ^ 

CFg'CFCFg-O-CF-CFg-O-CFSOa NH4 

are praterable. 
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[0031 J In the present Invention, the above-mentioned VdF copolymer may be a copolymer comprising the above- 
mentioned VdF monomer and reactive emulsifying agent and in addition thereto, other fluorine-containing monomer. 
Examples of the other fluorine-containing monomer are, for instance, tetrafluoroethylene (TFE), trifluoroethylene 
(TrFE). chlorotrifluoroethylene (CTFE)» hexafiuoropropylene (HFP) and vinyl fluoride (VF)- 
[0032] From the viewpoint of copoiymerizability of the VdF monomer, TFE. HFP and CTFE are preferable. 
[0033] In the above-mentioned VdF copolymer, examples of combination of VdF, other fluorine-containing monomer 
and reactive emuisifying agent are, for Instance, combinatbns of any of VdF/TFE, VdF/TFE/HFP, VdF/TFE/CTFE. 
VdF/rFEn"rFE, VdF/CTFE. VdF/HFP or VdF/TFE/HFP/CTFE with any of CFg^CFCFgCOONH^, CH2= CFCFgOCF 
(CF3)CF20CF(CF3)COONH4 or CH2=CFCF20CF(CF3)COONH4. From the viewpoint of hardness of a coating film in 
case of the use for coating, the combination of VdF/TFE/CTFE with CH2=CFCF20CF(CF3)CF20CF{CF3)COONH4 is 
preferable. 

[00341 A copolymerization ratio of VdF with the other fluorine-containing monomer in the above-mentioned VdF 
copolymer is from 60/40 to 95/5 % by weight, preferably 70/30 to 95/5 % by weight. When VdF Is less than 60 % by 
weight, there Is a tendency that compatibility of the VdF polymer with an acryilc poiymor, which is a characteristic of 
the VdF polymer, is lowered. When more than 95 % by weight, since soiublllty of the seed particles to an acryilc ester 
and/or methacryllc acid ester is poor, there is a tendency that swelling of seed particles with the monomer does not 
advance rapidly at seed polymerization, a cast film prepared from the obtained emulsion has poor transparency and 
a gloss of the coating film from a paint cannot be obtained. 

[0035] The above-mentioned reactive emulsifying agent may be contained in an amount of from 0.001 to 0.1 % by 
mole In the above-mentioned monomer combination. 

[0036] An average particle size of the above-mentioned VdF copolymer is not more than 200 nm, preferably from 
1 0 to 200 nm, more preferably from 50 to 1 50 nm. When the average particle size Is less than 1 0 nm, there is atendency 
that shape of the VdF copolymer Is difficult to become spherical and film forming property Is lowered. When more than 
200 nm, storage stability, mechanical stability and chemical stability of the aqueous dispersion of the VdF copolymer 
tend to be lowered. 

[0037] A solid content of the above-mentioned aqueous dispersion of the VdF copotymer Is from 30 to 60 % (% by 
weight, hereinatter the same), preferably from 35 to 55 %, more preferably from 35 to 50 %. When the solid content 
Is less than 30 %, there is a tendency that adjusting of viscosity Is difficult when making a paint and that drying of the 
paint Is slow. When more than 60 %, stability of the dispersion Is lowered. 

[0038] To the aqueous dispersion of the VdF copolymer of the present Invention may be added a Itnown fluorine- 
containing surfactant. 

[0039] The known fluorine-containing surfactant is one or a mixture of compounds having surface activating ability 
and containing fluorine atom In the structure. For example, there are an acid represented by X(CF2)nC00H (X is F or 
H. n Is an Integer of 6 to 20), its alkali metal salt, ammonium salt, amine salt or quaternary ammonium salt; an acid 
represented by Y(CH2CF2)n,C00H (Y is F or C€. m is an integer of 6 to 1 3). its alkali metal salt, ammonium salt, amine 
salt or quaternary ammonium salt; and the like. From weather resistance and water resistance points of view, ammo- 
nium salt of perfluorooctanoic acid and ammonium salt of perfiuorononanoic acid are preferable. 
[0040] The amount of the above-mentioned fluorine-containing surfactant is not more than 1 .0 %, preferably not 
more than 0.5 %, more preferably not more than 0.2 % on the basis of water. When the amount of the fluorine-containing 
surfactant is more than 1 .0 %, It is not preferable because there is a tendency that when forming a film by using an 
aqueous dispersion, the fluorine-containing suriactant precipitates In the fibn and water absorption Increases to make 
the dispersion turiDld In white. 

[0041 1 The aqueous dispersion of the VdF copolymer of the present invention is one in which the VdF copolymer is 
dispersed in water To the aqueous dispersion can be added a hydrophilic organic solvent. 

[0042] To the aqueous dispersion of the VdF copolymer of the present Invention can be added various addith/es to 
make an aqueous paint. By adding additives which are used generally for aqueous paints, for example, a pigment, 
thickener, dispersing agent, defoaming agent, anti-freezing agent, auxiliary for film formation and the like, the resulting 
aqueous dispersion can be used as paints for exterior of buildings and as paints for structures of constmctlon. 
[0043] The above-mentioned reactive emulsifying agent is a fluorine-containing compound having a polymerizable 
C=C double bond and a hydrophilic group in its molecule, and is at least one compound selected from the group 
consisting of those represented by the formula (I): 



CP, = CF-(CF,h-r 



(I) 



wherein a Is an Integer of 1 to 1 0, Y is SOglW or COOM (M is H, NH4 or an alkali metal), 
the formula (il): 



9 
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CF, = CFHCF.CFXhrY (II ) 



wherein X is F or CF3. b is an integer of 1 to 5, Y is SO3IM or OOOU (U is H, NH^ or an al)<ati metal), 
the formula (III): 



CFt ^ CF-0-(CFIh-Y (III) 



wherein X Is F or CF3, c Is an Integer of 1 to 10, Y Is SQ3M or COOM (M Is H, NH4 or an alkali metal), 
^5 the formula (IV): 



CFe = CF-0-(CF,CFX0)^CF*CF2-Y (P/ ) 



wherein X Is F or CF3, d is an Integer of 1 to 1 0, Y Is SO3M or COOM (M Is H, NH4 or an alkali metal), 
the formula (V): 



CHt = CFCF,-0-(CF (CF,) CF.OHCF (CF.) -T (V) 



30 wherein e Is 0 or an integer of 1 to 10, Y Is SO3M or COOM (M Is H, NH4 or an alkali metal), and 
the formula (VI): 



CF, = CFCFa-0-(CF(CP,)CF,0)^CF(CF3)-Y (VI ) 

wherein f is an Integer of 1 to 10, Y is SO3M or COOM (M Is H. NH4 or an alkali metal). 

[0044] In the above-mentioned tonnula (I), It is preferable that a Is an Integer of 1 to 5 from the viewpoint of surface 
^0 activating ability of the reactive emulsifying agent, that Y is COOM from the viewpoint of stability of the compound and 
that l\/l Is H or NH4 from the viewpoint of water resistance of a coating film. 

[00451 Examples of the compound represented by the above-mentioned fomiula (I) are, for instance, CF2=CF-CF2- 
COONH4, CF2=CF-CF2-COOH, CF2=CF-CF2CF2COOH. CF2=CF-CF2-COONa. CF2=CF-CF2-S03NH4, CFg^CF- 
CF2-SO3H. CF2=CF-CF2CF2S03H and CFg-CF-CFaCFgSOgNa. CF2=CFCF2COONH4 is preferable from the view- 
point that an aqueous dispersion of a VdF copolymer having a small particle size can be obtained at a high concen- 
tration. 

[0046] In the above-mentioned fonnula (II), It Is preferable that X Is CF3 from the viewpoint of stability of the com- 
pound, that b Is an Integer of 1 to 3 from the viewpoint of surface activating ability of the reactive emulsifying agent, 
that Y is COOM or SO3M from the viewpoint of stability of the compound and that M is H or NH4 from the viewpoint of 
so water resistance of a coating film. 

[0047] Examples of the compound represented by the above-mentioned formula (II) are, for Instance, 



55 CF3 CF3 

I I ^ 

CF2 = CFCF2 CF-COOH , CF2 ^ CFCF.2 CF-SO3 H, 
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CF2=CF (CF2CF)2COONH4 , C F2 = C FC F 2 CFSO3 N H4 , 



CFo CF, 

I 3 I 3 

CF2 = CFCF2 CF-COONa , CF2 = CFCF2 CF-SO3 Na 

and 



^^3 



CF2 = CF (CFaCDg COOH 
^ From the viewpoint that an aqueous dispersion of a VdF copolymer having a small particle size can be obtained, 



CF. = CF(CF,CF).COOH 



is preferable. 

30 [0048] In the above-mentioned formula (III), it Is preferable that X is F or CF3 from the viewpoint of stability of the 
compound and weather resistance, that c is an integer of 1 to 5 from the velwpoint of surface activating ability of the 
reactive emulsifying agent, that Y Is COOM or SO3M from the viewpoint of stability of the compound and that M Is H 
or NH4 from the viewpoint of water resistance of a coating film. 

[0049] Examples of the compound represented by the above-mentioned formula (III) are. for instance, CFs^CF- 
35 OCF2CF2CF2COOH, CF2=CF-0CF2CF2C00NH4 and CF2=CF-OCF2COOH. CF2=CF-OCF2CF2CF2COOH is prefer- 
able from the viewpoint that an aqueous dispersion of a VdF copolymer having a smalt particle size can be obtained. 
[0050] In the above-mentioned formula (IV ). it is preferable that X is F or CF3 from the viewpoint of stability of the 
compound and weather resistance, that d is an integer of 1 to 5 from the viewpoint of surface activating ability of the 
reactive emulsifying agent, that Y Is COOM or SO3M from the viewpoint of stability of the compound and that M Is H 
40 or NH4 from the viewpoint of water resistance of a coating film. 

[0051 1 Examples of the compound represented by the above-mentioned fomiula (IV) are, for instance, CF2=CF-0- 
CF2CF(CF3)-OCF2CF2-COOH, CF2=CF-0-CF2CF(CF3)-OCF2CF2-COONH4, CF2=CF-0-CF2CF(CF3)- 

OCF2CF2S03H and CF2=CF-0-CF2CF(CF3)-OCF2CF2S03NH4. From the viewpoint that an aqueous dispersion of a 
VdF copolymer having a small particle size can be obtained. CF2= CF-0-CF2CF(CF3)-OCF2CF2-COOH and CF2=CF- 
45 0-CF2CF(CF3)-OCF2CF2-S03H are preferable. 

[0052] In the above-mentioned formula (V), It is preferable that e Is an Integer of 1 to 5 from the viewpoint of surface 
activating ability of the reactive emulsifying agent, that Y Is COOM from the viewpoint of stability of the compound and 
that M Is Na or NH4 from the viewpoint of water resistance of a coating film. 

[0053] Examples of the compound represented by the above-mentioned fomnula (V) are. for instance. 



CF3 CF3 CF^ 

CH2= CFCF2 OCFCOONa , CH2= CFCFg OCFCF2 OCFCOONa , 
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CF- CFo 
1 ^ I 
CH2= CFCFjO-f CFCFjO ^ CFCOONa , 



CFo CFo CFo 

I ^ 1^1^ 
CH2 = CFCF2 OCFCOONH4 , CH2 = CFCF2 OCFCF2 OCFCOONH4 



and 



CFc, CFo 
CH 2= CFCF2 Q-k CFCF2 0 ^ CFCOONH4 



From the viewpoint that an aqueous dispersion of a VdF copolynier having a small paitlcle size can be obtained, 
CH2=CFCF20CF(CF3)COONH4and CH2= CFCF20CF(CF3)CF20CF(CF3)COONH4 are preferable. 
[0054] In the above-mentioned formula (VI), It is preferable that f is an Integer of 1 to 5 from the viewpoint of surface 
activating ability of the reactive emulsifying agent, that Y is COOM from the viewpoint of stability of the compound and 
that M is H or NH4 from the viewpoint of water resistance of a coating film. 

[0055] Examples of the compound represented by the above-mentioned fomiula (VI) are, for Instance, 

CF. CFo 
i ^ I ^ 

CFg^CFCFg- O-CF-CF2-O-CFCOOH , 



and 



C F, C Fo 

I ^ I ^ 

CF2=CFCF2- O-CF-CF2-O-CFCOONH4 , 



CFo CFo 
I ^ I ^ 

CF2=CFCF2-0-CF-CF2-0-CFS03H 



CF« CF« 
I ^ I ^ 

CF2=CFCF2- O-CF-CFg- O-CFSO3 N H4 



From the viewpoint that an aqueous dispersion of a VdF copolymer having a small particle size can be obtained, 
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CF^ CF^ 
^ CFg^CFCFg-O-CF-CFg-O-CFCOOH, 

CF« CF-, 
CF2=CFCF2- O-CF-CFg- O-CFCOONH4 

and 

15 

CFo CFo 
I ^ I ^ 

CF2=CFCF2--0-CF-CF2-O-CFSO3 NH4 

20 

are preferable. 

[0056] When emulsion-polymerizing the above-mentioned VdF monomer and reactive emulsifying agent, it is pos- 
sible to add a fluorine-containing monomer other than VdF. for example, tetrafluoroethylene (TFE), trifluoroethyiene 
(TrFE), chlorotrlfluoroethylene (CTFE), hexafluoropropylene (HFP) and vinyl fluoride (VF). From the viewpoint of co- 

25 polymerizabilrty of the VdF monomer. TFE, HFP and CTFE are preferable. 

[0057] For the above-mentioned emulsion polymerization Jt is possible to use a known fluorine-containing surfactant. 
[0058] The known fiuorlne-contalning surfactant Is one or a mixture of compounds having surface activating ability 
and containing fluorine atom In the structure. For example, there are an acid represented by X(CF2)nC00H (X Is F or 
H, n is an integer of 6 to 20), its alkali metal salt, ammonium salt, amine salt or quaternary ammonium satt; an acid 

30 represented by Y(CH2CF2)niCOOH (Y is F or ce, m Is an integer of 6 to 1 3). its alkali metal salt, ammonium salt, amine 
salt or quaternary amnnonium salt; and the like. From weather resistance and water resistance points of view, ammo- 
nium salt of perliuorooctanoic acid and ammonium satt of perfluorononanolc acid are preferable. 
[0059] An amount of the above-mentioned fluorine-containing surfactant Is not more than 1 .0 %, preferably not more 
than 0.5 %, more preferably not more than 0.2 % on the basis of water When the amount of the fluorine-containing 

35 surfactant Is more than 1 .0 %, it Is not preferable because there Is a tendency that when forming a film by using an 
aqueous dispersion, the fluorine-containing surfactant precipitates in the film and water absorption increases to make 
the dispersion turbid in white. 

[0060] In order to prepare the above-mentioned aqueous dispersion of the VdF copolymer, a reactor is charged with 
water as a polymerization solvent and the above-mentioned reactive emulsifying agent In an amount of 0.00001 to 1 0 
40 %, preferably 0.0001 to 1 .0 %, more preferably 0.001 to 0.5 % on the basis of the polymerization medium, and then 
pressure feeding of nitrogen gas and deaeration are repeated to remove dissolved air. 

[0061 J When the amount of the above-mentioned reactive emulsifying agent charged is less than 0.00001 %. there 
is a tendency that large particles having insufficient stability against sedimentation are obtained. When more than 10 
%, there is a tendency that shape of the particles does not become spherical and film fomiing property when drying 

45 the aqueous dispersion is lowered. 

[0062] Then the above-mentioned VdF monomer alone or a monomer mixture comprising the VdF monomer and 
the other fluorine-containing monomer Is fed into the reactor under pressure to be a pressure of 1 .0 to 50 kgf/cnn^. 
[0063] in that case, a mixing ratio of the other fiuorlne-contalning monomer may be from 0 to 30 % by mole. 
[0064] Then as a polymerization initiator, for example, a persuifate such as ammonium persulfate, hydrogen peroxide, 

so di-lsopropyi peroxydlcarbonate or azobisisobutyronitrile is introduced in an amount of 0.005 to 1 .0 %. preferably 0.01 
to 0.5 % on the basis of water. When the amount of the polymerization Initiator is less than 0.005 %, polymerization 
speed tends to be extremely slow. When more than 1 .0 %, electrolyte content tends to Increase to make particle size 
large. 

[0065] Further the above-mentioned VdF monomer or monomer mixture is fed continuously so that the pressure in 
S5 the reactor becomes constant in the range of from 1 .0 to 50 kgf/cm^. 

[0066] Polymerization is earned out for 5 to 1 00 hours under the conditions mentbned above. 

[0067] After that, the Inside conditions of the reactor are returned to nonmal temperature and normal pressure and 

then the polymerization Is tenninated to give an aqueous dispersion of the VdF copolymer. 
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[0068] An average partlcl© size of the VdF copolymer of the aqueous dispersion obtained by the above-mentioned 
process can be controlled within not more than 200 nm. The average particle size can be controlled by the charging 
amount of the reactive emulsifying agent. 

[0069] Also the solid content of the aqueous dispersion of the VdF copolymer which (s prepared by the above-men- 
tioned process can be controlled within 30 to 50 %. The solid content can be controlled by blowing the VdF monomer 
or the monomer mixture out from the reactor at the time when a given amount thereof has been fed continuously, and 
then stopping stirring to tenninate the reaction. 

[0070] Further the aqueous dispersion of the VdF seed polymer of the present Invention Is an aqueous dispersion 
of the VdF seed polymer which is obtained by emuision-polymerizing an ethylenlcally unsaturated monomer In the 
presence of VdF copolymer particles. The VdF copolymer Is a copolymer of VdF monomer and a reactive emulsifying 

agent. 

[0071] The above-mentioned reactive emulsifying agent Is a fluorine-containing compound having a polymerizable 
C=C double bond and a hydrophillc group In Its molecule, and is at least one compound selected from the group 
consisting of those represented by the formula (I): 



CF, = CF-(CF,H-Y (I) 

20 

Wherein a Is an integer of 1 to 10. Y is SO3M or COOM (M Is H, NH4 or an allcall metal), 
the formula (11): 



CF, = CF^CF,CFXh-I (II ) 



wherein X is F or CF3, b is an integer of 1 to 5, Y is SO3M or COOM (M Is H, NH4 or an alkali metal), 
30 the formula (HI): 



CF, = CF-O-iCFIhr-Y (III ) 

35 

wherein X is F or CF3, c is an integer of 1 to 10, Y is SO3M or COOM (IW is H. NH4 or an alkali metal), 
the formula (IV): 

40 

CFt = CF-0-(CF,CFXO)^CF,CFt-T {IV ) 



<s wherein X Is F or CF3, d Is an integer of 1 to 1 0, Y Is SO3IW or COOM (M Is H, NH4 or an alkali metal), 
the formula (V): 



CH, = CFCF.-OHCF (CF.) CF,0};-CF (CF,) -Y (V) 

wherein e is 0 or an integer of 1 to 10, Y is SO3M or COOM (M is H, NH4 or an alkali metal), and 
the fonnula (VI): 
55 

CFz = CFCF*-0-(CF (CFs) CF,O^CF (CF,) -Y (VI ) 
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wherein f is an Integer of 1 to 10. Y is SO3M or COOiW (M is H, NH4 or an aikaif metal). 

[0072] In the above-mentioned fomnula (1), it is preferable that a is an integer of 1 to 5 from the viewpoint of surface 
activating ability of the reactive emulsifying agent, that Y Is COOIVI from the viewpoint of stability of the compound and 
that M is H or NH4 from the viewpoint of water resistance of a coating film. 

[0073] Examples of the compound represented by the above-mentioned fomiula {!) are, for Instance, CFj^CF-CFg- 
COONH4, CF2=CF-CF2-COOH, CF2=CF-CF2CF2COOH, CF2=CF-CF2-COONa, CF2=CF-CF2-S03NH4, CF2=CF- 
CF2-SO3H. CFa^F-CFgCFgSOaH and CFg^CF-CFaCFaSOaNa, CF2=CFCF2COONH4 Is preferable from the view- 
point that an aqueous dispersion of a VdF copolymer having a smalt particle size can be obtained at a high concen- 
tration. 

[00741 the above-mentioned fomfiula (II), it is preferable that X is CF3 from the viewpoint of stability of the com- 
pound, that b Is an Integer of 1 to 3 from the viewpoint of surface activating ability of the reactive emulsifying agent, 
that Y Is COOM or SO3M from the viewpoint of stability of the compound and that M Is H or NH4. from the viewpoint of 
water resistance of a coating film. 

[0075] Examples of the compound represented by the above-mentioned fonnula (II) are, for insUince, 



,3 I 3 

CF2 = CFCF2 CF-COOH , CF2 = CFCF2 CF-SO3 H , 



CF3 CFo 
CF2=CF (CF2 CF)2C00NH4 , CFg = CFCF 2 CFSO3 N H4 , 

CF3 CF« 
I 3 I 3 

CF2 = CFCFg CF-COONa, CFg^ CFCF2 CF-SO3 Na 



and 



CFo 
I ^ 

CF2 = CF (CF2CF)2 COOH 
From the viewpoint that an aqueous dispersion of a VdF copolymer having a small particle size can be obtained, 

CFi = CF(CF.CP)zCOOH 

Is preferable. 

(00761 In the above-mentioned fomiula (III), it is preferable that X is F or CF3 from the viewpoint of stability of the 
compound and weather resistance, that c Is an Integer of 1 to 5 from the viewpoint of surface activating ability of the 
reactive emulsifying agent, that Y Is COOM or SO3M from the viewpoint of stability of the compound and that M Is H 
or NH4 from the viewpoint of water resistance of a coating film. 

[0077] Examples of the compound represented by the above-mentioned formula (Ml) are, for Instance, CF2=CF- 
OCFgCFgCFgCOOH. CF2=CF-OCF2CF2COONH4 and CF2=CF.OCF2COOH. CF2=CF.OCF2CF2CF2COOH is prefer- 
able from the viewpoint that an aqueous dispersion of a VdF copolymer having a small particle size can be obtained. 
[0078] In the above-mentioned formula (iV), it is preferable that X Is F or CF3 from the viewpoint of stability of the 
compound and weather resistance, that d is an Integer of 1 to 5 from the viewpoint of surface activating ability of the 
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reactive emulsifying agent, that Y is COOM or SOgM f ronn the viewpoint of stability of the compound and that M Is H 
or NH4 from the viewpoint of water resistance of a coating film. 

[0079] Examples of the compound represented by the above-mentioned formula (iV ) are. for Instance, CF2=CF-0- 
CF2CF(CF3)-OCF2CF2-COOH. CF2-CF-0-CF2CF(CF3)-OCF2CF2-COONH4, CF2=CF-0-CF2CF(CF3)- 

OCF2CF2SO3H and CF2=CF-0-CF2CF(CF3)-OCF2CF2S03NH4. From the viewpoint that an aqueous dispersion of a 
VdF copolymer having a small particle size can be obtained, CF2=CF-O-CF2CF(CF3)-OCF2CF2-C00H and CF2=CF- 
0-CF2CF(CF3)-OCF2CF2-S03H are preferable. 

[0080] in the above-mentioned formula (V), it Is preferable that e Is an Integer of 1 to 5 from the viewpoint of surface 
activating ability of the reactive emulsifying agent, that Y is COOIVI from the viewpoint of stability of the compound and 
that M is Na or NH4 from the viewpoint of water resistance of a coating film. 

[0081 ] Examples of the compound represented by the above-mentioned fonnula (V) are, for Instance, 

CF3 CFo CF, 

CH2= CFCF2 OCFCOONa , CH2= CFCF2OCFCF2 OCFCOONa , 



CF. CFo 
I ^ I ^ 



CH2= CFCF2 0-4 CFCF2O h- CFCOONa , 



f3 CF3 CF3 

CH2= CFCF2 OCFCOONH4 ' CH2= CFCF2OCFCF2OCFCOONH4 



and 



CFo CFo 
I ^. I 
CH2= CFCF2O-4 CFCF2O ^ CFCOONH4 

From the viewpoint that an aqueous dispersion of a VdF copolymer having a small particle size can be obtained, 
CH2=CFCF20CF(CF3)COONH4 and CHg^ CFCF20CF(CF3)CF20CF(CF3)COONH4 are preferable. 
[0082] In the above-mentioned formula (VI), it is preferable that f is an Integer of 1 to 5 from the viewpoint of surface 
activating ability of the reactive emulsifying agent, that Y is COOIW from the viewpoint of stability of the compound and 
that M is H or NH4 from the viewpoint of water resistance of a coating film. 

[0083] Examples of the compound represented by the above-mentioned fonnula (Vt) are, for Instance, 
CF2 = CFCF2-0-CF-CF2-0-CFCOOH , 



^^3 CF3 
CF2 = CFCF2-0-CF-CF2-0-CFCOONH4 
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CF2=CFCF2-O-CF-CF2-0-CFS0 3H 



and 



CF3 CF, 
CF2=CFCF2-0-CF-CFj-0-CFS03 NH, 

From the viewpoint that an aqueous dispersion of a VdF copolymer having a small particle size can be obtained, 



CF3 CF3 
CF2«CFCp2-0"CF^CF2--0-CFCOOH , 



CF3 

CF2=CFCF2- O-CF--CF2-O-CFCOONH4 



and 



CF3 CF, 
CFg^CFCFg-O-CF-CFg-O-CFSOa NH4 



are preferable. 

[0064] The VdF seed polymer in the present invention is a seed polymer of an ethylenically unsaturated monomer, 
which is prepared by using, as seeds, the above-mentioned VdF copolymer particles. As the ethylenically unsaturated 
monomer, there are, for example, a monomer having functional group and a vinyl compound. Examples ot the monomer 
having functional group are, for instance, an unsaturated carboxylic acid such as acrylic acid, methacrylic acid, maleic 
acid or crotonic acid; an acrylic ester such as methyl acryiate; a methacrylic acid ester such as methyl methacrylate 
(MMA); an amide compound such as acrylamide, methacrylamlde, N-methylacrylamide, N-methylolacrylamlde, N-bu- 
toxymethylacrylamlde, N-methylolmethacrylamide, N-methylmethacrylamideorN-butoxymethylmethacrylamlde; a hy- 
droxyl -containing monomer such as hydroxyethyl acryiate, hydroxyethyl methacrylate, hydroxypropyl acryiate or hy- 
droxypropyl methaciylate; an epoxy-contalning monomer such as gtycldyl acryiate or glyddyl methacrylate; a siianol- 
containing monomer such as T^trimethoxysilane methacrylate, or y-triethoxysilane methacrylate; and an afdehyde- 
containing monomer such as acrolein. Examples of the vinyl compound are. for instance, styrene (St) and acrylonitrile. 
From the viewpoint of compatibility with the VdF copolymer, an acrylic ester and/or a methacrylic acid ester are pref- 
erable. 

[0085] The VdF copolymer as the seed In the above-mentioned VdF seed polymer may be a copolymer comprising 
the above-mentioned VdF, reactive emulsifying agent and other fluorine-containing monomer Examples of the other 
fluorine-containing monomer are, for instance, tetrafluoroethylene (TFE), trifiuoroethylene (TrFE), chlorotrifluoroethyl- 
ene (CTFE). hexafluoropropylene (HFP) and vinyl fluoride (VF). From the viewpoint of copolymerizability of the VdF 
monomer, TFE, HFP and CTFE are preferable. 

[0086] In the above-mentioned VdF copolymer, examples of combination of VdF. other fluorine-containing monomer 
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and reactive emulsifying agent are. for instance, combinations of any of VdF/TFE. VdF/TFE/HFP. VdF/TFE/CTFE. 
VdF/TFEn-rFE. VdF/CTFE, VdF/HFP or VdF/TFE/HFP/CTFE with any ot CFg-CFCFgCOONH^. CH2= CFCFgOCF 
(CF3)CF20CF(CF3)COONH4 or CH^CFCF20CF(CF3)COONH4. 

[00871 From the viewpoint of compatibility with an acrylic resin, the combination of VdF/TFE/CTFE with CH2= 

5 CFCF20CF(CF3)CF20CF(CF3)COONH4 Is preferable. 

[0088] A copolymerlzatlon ratio of VdF with the other fluorine-containing monomer In the above-mentioned VdF 
copolymer is from 60/40 to 95/5 %. preferably 70/30 to 95/5 %. When VdF Is less than 60 %. there is a tendency that 
compatibility of the VdF polymer with an acrylic polynner, which Is a characteristic of the VdF polymer, Is lowered. When 
more than 95 %, since solubility of the seed particles to an acrylic ester and/or methacryilc acid ester is poor, there is 

'0 a tendency that swelling of seed particles with the monomer does not advance rapidly at seed polymerization, a cast 
film prepared from the obtained emulsion has poor transparency and a gloss of the coating film from a paint cannot 
be obtained. 

[0089] The above-mentioned reactive emulsifying agent may be contained in an amount of from 0.001 to 0.1 % by 

mole In the above-mentioned monomer combination. 
15 [0090] The above-mentioned VdF seed polymer is one prepared by polymerizing 20 to 100 parts by weight of the 

ethyienically unsaturated monomer in the presence of 100 parts by weight of the VdF copolymer as the seed. 

[0091 1 An average particle size of the above-mentioned VdF seed polymer Is not more than 250 nm, preferably from 

50 to 250 nm, more preferably from 100 to 160 nm. When the average particle size is less than 50 nm, there Is a 

tendency that a viscosity of the aqueous dispersion increases and the aqueous dispersion having a high concentration 
20 cannot be obtained. When more than 250 nm, sedimentation and coagulation of particles occur during the storage of 

the aqueous dispersion and further when tomning a film, gloss tends not to be obtained. 

[0092] A content of the VdF seed polymer ot the above-mentioned dispersion of the VdF seed polymer Is from 30 
to 60 %, by weight preferably from 35 to 55 %. more preferably from 35 to 50 %. When the content is less than 30 %, 
there is a tendency that adjusting of viscosity is difficult when making a paint and that drying of the paint is stow. When 
25 more than 60 %, stability of the dispersion Is lowered. 

[0093] To the aqueous dispersion of the VdF seed polymer of the present Invention may be added a known fluorine- 
containing surfactant. 

[0094] The known fluorine-containing surfactant Is one or a mixture of compounds having surface activating ability 
and containing fluorine atom in the structure. For example, there are an acid represented by X(CF2)nC00H (X Is F or 

30 H. n Is an integer of 6 to 20), its alkali metal salt, ammonium salt, amine salt or quaternary ammonium salt; an acid 
represented by Y(CH2CF2)roCOOH (Y is F or ce, m is an integer of 6 to 1 3). its alkali metai salt, amnrK>nium salt, amine 
salt or quaternary ammonium salt; and the like. From weather resistance and water resistance points of view, ammo- 
nium salt of perfluorooctanoic acid and ammonium salt of perfluorononanolc acid are preferable. 
[0095] An amount of the above-mentioned fluorine-containing surfactant Is not more than 1 .0 %. preferably not more 

35 than 0.5 %, more preferably not more than 0.2 % on the basis of water When the amount of the fluorlne<ontaining 
surfactant is more than 1 .0 %, It is not preferable because there is a tendency that when fonnlng a film by using an 
aqueous dispersion, the fluorine-containing surfactant precipitates in the film and water absorption increases to make 
the dispersion turbid In white. 

[0096] The aqueous dispersion of the VdF seed polymer of the present invention Is one In which the VdF seed 
40 copolymer is dispersed in water. To the aqueous dispersion can be added a hydrophllic organic solvent. 

[0097] To the aqueous disperston of the VdF seed polymer of the present invention can be added various additives 
to make an aqueous paint. By adding additives which are used generally for aqueous paints, for example, a pigment, 
thickener, dispersing agent, defoaming agent, anti-freezing agent, auxiliary for film fomiation and the like, the resulting 
aqueous dispersion can be used as paints for exterior of buildings and as paints for structures of construction. 
45 [0098] In order to obtain the above-mentioned VdF copolymer, VdF monomer may be emulsion-polymerized with a 
reactive emulsifying agent. The reactive emulsifying agent Is a fluorine-containing compound having a copolymerlzabie 
G=C double bond and a hydrophllic group In Its molecule and Is at least one compound selected from the group con- 
sisting of those represented by the above-mentioned fonnula (i): 



50 



CF, = CFHCF.h-Y 



(I) 



55 wherein a is an integer of 1 to 1 0, Y is SO^M or COOM (M ts H, NH4 or an alkali metal), 
the formula (11): 
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CP, = CF-^CF,CFXh-Y {II ) 



wherein X is F or CF3, b is an integer of 1 to 5, Y Is SO3M or COOIVI (M is H, NH4 or an alkali metal), 
the formula (III): 



CF, = CF-0-(CFXh-T (in ) 



IS wherein X is F or CF3, c Is an integer of 1 to 10, Y is SO3M or COOM (M is H, NH4 or an alkali metal), 
the formula (IV): 



CFa = CF-OHCF.CFIOh- CFeCF,-Y {N ) 



wherein X is F or CF3, d is an integer of 1 to 10, Y is SO3IW or COOM (M is H, NH4 or an alkali metal), 
the fomnula (V): 



CH, = CFCFr-0-(CF(CF,)CFtO)^CF(CF,)-T (V> 

30 wherein e Is 0 or an integer of 1 to 10, Y is SO3M or COOM {M is H, NH4 or an alkali metal), and 
the formula (VI): 



CFa = CFCFt-0HCF(CF,)CF.0}7-CF{CF>)-Y {VI ) 

wherein f is an integer of 1 to 10. Y is SQ3M or COOM (M is H, NH4 or an alkali metal). 

[00991 the above-mentioned formula (I), It is preferable that a is an integer of 1 to 5 from the viewpoint of surface 
40 activating ability of the reactive emulsifying agent, that Y is COOM from the viewpoint of stability of the compound and 
that M Is H or NH4 from the viewpoint of water resistance of a coating film. 

[01001 Examples of the compound represented by the above-mentioned fomnula (I) are, for Instance, CF2=CF-CF2- 
COONH4. CFg^CF-CFg-COOH, CF2=CF-CF2CF2COOH, CF2=CF-CF2-COONa, CF2=CF-CF2-S03NH4, CF2=CF- 
CFg-SOgH. CFa^CF-CFaCFgSOaH and CFa-CF-CFgCFgSOaNa. CF2=CFCF2COONH4 Is preferable from the vlew- 
45 point that an aqueous dispersion of a VdF copolymer having a small particle size can be obtained at a high concen- 
tration. 

[0101 1 In the above-mentioned fonnula (11). It Is preferable that X is CF3 from the viewpoint of stability of the com- 
pound, that b Is an Integer of 1 to 3 from the viewpoint of surface activating ability of the reactive emulsifying agent, 
that Y is COOM or SO3M from the viewpoint of stability of the compound and that M Is H or NH4from the vievifpoint of 
so water resistance of a coating film. 

[0102J Examples of the compound represented by the above-mentioned fomnula (ii) are. for Instance, 



9^5 9F3 



CF2= CFCF2CF-COOH , CF2 = CFCF2 CF-SO3 H, 
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CF3 CFo" 
CF2=CF (CF2 CF)2COONH4 , CFj = CFCF 2CFSO3 NH4 , 



CFo CF, 
CFa = CFCFgCF-COONa , CFg = CFCFg CF-SOaNa 

and 

CF, 
I ^ 

CF2= CF (CF2CF)2 COOH 
From the viewpoint that an aqueous dispersion of a VdF copolymer having a small partlcie size can be obtained. 

CP* = CF(CP,cp).cooe 



is preferable. 

[0103J In the above-mentioned fomfiula (IH), It Is preferable that X Is F or CF3 from the viewpoint of stability of the 
compound and weather resistance, that c Is an Integer of 1 to 5 from the viewpoint of surface activating ability of the 
reactive emulsifying agent, that Y Is COOM or SO3M from the viewpoint of stability of the compound and that M Is H 

55 or NH4 from the viewpoint of water resistance of a coating film. 

[0104] Examples of the compound represented by the above-mentioned fomiula (iii) are, for instance, CF2=CF- 
OCF2CF2CF2COOH. CF2=CF-OCF2CF2COONH4 and CFg-CF-OCF^OOH. CF2=CF.OCF2CF2CF2COOH is prefer- 
able from the viewpoint that an aqueous dispersion of a VdF copolymer having a small particle size can be obtained. 
[01051 In the above-mentioned fonmula (IV), It is preferable that X Is F or CF3 from the viewpoint of stability of the 

40 compound and weather resistance, that d is an integer of 1 to 5 from the viewpoint of surface activating ability of the 
reactive emulsifying agent, that Y is COOM or SO3M from the viewpoint of stability of the compound and that M is H 
or NH4 from the viewpoint of water resistance of a coating film. 

[0106] Examples of the compound represented by the above-mentioned fomiula (iV) are, for instance, CF2=CF-0- 
CF2CF(CF3)-OCF2CF2-COOH. CF2=CF-0-CF2CF(CF3)-OCF2CF2-COONH4. CF2=CF-0-CF2CF(CF3). 

45 OCF2CF2SO3H and CF2-CF-O-CF2CF(CF3)-0CF2CF2S03NH4. From a point that an aqueous dispersion of a VdF 
copolymer having a small partlcie size can be obtained. CFg^CF-O-CFgCFtCFj^OCFgCFg-COOH and CF2=CF-0- 
CF2CF(CF3)-OCF2CF2-S03H are preferable. 

[01 07] In the above-mentloned formula (V), It Is preferable that e is an Integer of 1 to 5 from the viewpoint of surface 
activating ability of the reactive emulsifying agent, that Y is COOM from the viewpoint of stability of the compound and 
that M is Na or NH4 from the viewpoint of water resistance of a coating film. 

[0108] Examples of the compound represented by the above-mentioned fomnula (V) are, for Instance, 



55 



CF3 CFo CFo 

CH2= CFCF2 OCFCOONa , CH2= CFCF2OCFCF2 OCFCOONa , 
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CF^ CF, 
I ^ I 
CH2= CFCFgO-f CFCF2O ^ CFCOONa , 



CF, CFg CF, 

CH2= CFCF2 OCFCOONH4 , CHg = CFCF2 OCFCF2 OCFCOONH4 



and 



CF, CF, 
1 ^ I ^ 

CH2=CFCF2 0-4 CFCF2O ^ CFCOONH4 

From the viewpoint that an aqueous dispersion of a VdF copolymer having a small partlcio size can be obtained, 
CH2=CFCF20CF(CF3)COONH4 and CH^ CFCF20CF(CF3)CF20CF(CF3)COONH4 are preferable. 
[0109] In the atwve-mentioned formula (VI). It Is preferable that f Is an integer of 1 to 5 from the viewpoint of surface 
activating abill^ of the reactive emulsifying agent, that Y Is COOM from the viewpoint of stability of the compound and 
that iU Is H or NH4 from the viewpoint of water resistance of a coating film. 

[0110] Examples of the compound represented by the above-mentioned fonnuia (Vi) are, for instance. 



C F, C F-, 

,3 ,3 

CF2 = CFCF,-Q-CF-CF,-0-CFC00H/ 



CFo CF, 
CFa^CFCF, - 0-CF-CF,-0-CFCOONH. , 



C Fo C Fo 

I ^ I ^ 

CF2=CFCF2-0-CF— CF2-O-CFSO3H 



and 



C Fo C F, 

CF2 = CFCF2- O-CF-CF2-O-CFSO3 NH4 

From the viewpoint that an aqueous dispersion of a VdF copolymer having a small particle size can be obtained. 
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1* 



> 



c 



F3 

F-CF2- 



CF, 
I ^ 

0-CFCOOH , 



5 




CFCFg- 



0-C 



10 



CF. 



2=CFCF2- 




CF3 

C F- C F2 



I 

O-CFCOONH4 



and 



15 




20 



are preferable. 

[01 11 ] In emulsion-polymerizing the above-mentioned VdF monomer with the above-mentioned reactive emulsifying 
agent, a fluorine-containing monomer other than VdF can be used. Examples of the other fluorine-containing monomer, 
are, for instance, tetrafluoroethylene (TFE), trifluoroethylene (TrFE), chlorotrifluoroethylene (CTFE), hexafluoropropyl- 
25 ene (HFP) and vinyl fluoride (VF). From the viewpoint of copolymerizabllity of the VdF monomer. TFE, HFP and CTFE 
are preferable. 

[01121 I" the above-mentioned emulsion polymerization, a known fluorine-containing surfactant can be used. 

[01131 The l<nown fluorine-containing surfactant is one or a mixture of compounds having surface activating ability 

and containing fluorine atom In the structure. For example, there are an acid represented by X[CF2)nC00H (X is F or 
30 H, n is an integer of 6 to 20), its alkali metal salt, ammonium salt, amine salt or quaternary ammonium salt; and an 

acid represented by Y(CH2CF2)n,COOH (Y is F or ce, m is an integer of 6 to 13). its alkali metal salt, ammonium salt. 

amine salt or quaternary ammonium salt. From weather resistance and water resistance points of view, ammonium 

salt of perfluorooctanoic acid and ammonium salt of perfluorononanolc add are preferable. 

[0114] An amount of the above-mentioned fluorine-containing surfat^nt Is not more than 1 ,0 %, preferably not more 
35 than 0.5 %, more preferably not more than 0.2 % on the basis of water. When the amount of the fluorine-containing 

surfactant is more than 1 .0 %, it Is not preferable because there is a tendency that when forming a film by using an 

aqueous dispersion, the fluorine-containing suriactant precipitates in the film and water absorption increases to make 

the dispersion turbid in white, 

[0115] In order to prepare the above-mentioned aqueous dispersion of the VdF seed polymer, a reactor Is charged 
^0 with water as a polymerization solvent and the above-mentioned reactive emulsifying agent in an amount of 0.00001 
to 10 %, preferably 0.0001 to 1 .0 %, more preferably 0.001 to 0.5 % on the basis of the polymerization solvent, and 
then pressure feeding of nitrogen gas and deaeration are repeated to remove dissolved air. 

[0116] When the amount of the above-mentioned reactive emulsifying agent charged is less than 0.00001 %, there 
is a tendency that large particles having insufficient stability against sedimentation are obtained. When more than 10 
45 %, there Is a tendency that shape of the particles does not become spherical and film fomilng property when drying 
the aqueous dispersion Is lowered. 

[0117] Then the above-mentioned VdF monomer alone or a monomer mixture comprising the VdF monomer and 
the other fluorine-containing monomer is fed into the reactor under pressure to be a pressure of 1 .0 to 50 kgf/cm?. 
[01 18] In that case, a mixing ratio of the other fluorine-containing monomer may be from 0 to 30 % by mole. 
so [01 1 9] Then as a polymerization initiator, for example, a persulfate such as ammonium persutfate, hydrogen peroxide, 
di-lsopropyl peroxydicarbonate or azobisisobutyronltrlle Is Introduced In an amount of 0.0001 to 0.5%, preferably 0.001 
to 0.1 % on the basis of water. When the amount of the polymerization initiator Is less than 0.0001 %. polymerization 
speed virhich can be used practically tends not to be obtainable. When more than 0.5 %, controlling of reaction heat 
tends to become difficult. 

S5 [01 20] Further the above-mentioned VdF monomer or monomer mixture is supplied continuously so that the pressure 
in the reactor becomes constant in the range of 1 to 50 kgf/cm^ (98 • 4900 kPa), preferably 5 to 40 kgf/cm^ (490 - 3920 
kPa). When the pressure is less than 1 kgf/cm2 (98 kPa), practteai polymerization speed tends not to be obtainable. 
When more than 50 kgt/cm^ (4900 kPa), controlling of reaction heat tends to become difficult. 
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[0121 ] Polymerization is carried out for 5 to 1 00 hours under the conditions mentioned above. 

[01221 After that, the inside conditions of the reactor are returned to nomiai temperature and normal pressure and 

then the polymerization Is terminated to give an aqueous dispersion of the VdF copolymer. 

[0123] Then to the above-mentioned aqueous dispersion of the VdF copolymer is added 20 to 1 00 parts by weight, 
5 preferably 30 to 1 00 parts by weight, more preferably 40 to 1 00 parts by weight of the above-mentioned ethylenlcally 
unsaturated monomer on the basis of 1 00 parts by weight of the VdF copolymer. 

[0124] When an amount of the above-mentioned ethylenlcally unsaturated monomer Is less than 20 parts by weight, 
transparency and gloss of a coating film tend to be lowered. 

[01251 Further Immediately after that, as a polymerization Initiator, for example, a persulfate such as ammonium 
'0 persulfate is added in an amount of 0.05 to 2.0 parts by weight on the basis of 100 parts by weight of the above- 
mentioned ethylenlcally unsaturated monomer and polymerization is initiated. The polymerization is carried out at a 
temperature of 20'' to 90*»C for 0.5 to 6 hours, followed by adjusting pH with an alkaline solution and then filtrating with 
a metal net to obtain an aqueous dispersion of the VdF seed polymer. 

[01 261 An average particle size of the Vd F seed polymer of the aqueous dispersion obtained by the above-mentioned 
'5 process can be controlled within not more than 250 nm. The average particle size can be controlled by the amount of 
the reactive emulsifying agent. 

[01 27] Also the content of the VdF seed polymer In the aqueous dispersion of the VdF seed polymer which is prepared 
by the above-mentioned process can be controlled within 30 to 60 % by weight. The content can be controlled by 
blowing the VdF monomer or the monomer mixture out from the reactor at the time when a given amount thereof has 
20 been fed continuously, and then stopping stirring to temninate the reaction. 

[01281 "^he present invention Is then explained by referring to Examples, but is not limited thereto. 

[01291 The numbers and structural formulae of the reactive emulsifying agents used In Examples and Comparative 

Examples are shown In Table 1 . 
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Table 1 




No. of reactive emulsifying agent 


structural formula of reactive emulsifying agent 




1 


CF2=CFCF2-COOH 




2 


CFa^CF-O-CFgCFgCFa-COOH 


30 


3 


CF2=CF-0-CF2CF(CF3)-OCF2CF2-COOH 




4 


CF2=CF-0-CF2CF(CF3)-OCF2CF2-S03H 




5 


CH2=CFCF2-0-CF(CF3)CF20-CF(CF3)-COOH 




6 


CH2=CFCF2-0-CF{CF3)-COOH 


35 


7 


CF2=CFCF2-0-CF(CF3)CF2-0-CF(CF3)-COOH 



Example 1 



[0130] A one-liter pressure resistive reactor equipped with a stirrer was charged with 500 m^ of deionized water and 
5.0 g of a reactive emulsifying agent (No. 1) shown in Table 1 and then introduction of a pressurized nitrogen gas and 
deaeration were repeated to remove the dissolved air. A monomer mixture of VdF (80 % by mole) and TFE (20 % by 
mole) was pressure-fed until the Inside pressure of the reactor became 1 0 kgf/cm^ at 60*'C. Then 0.2 g of ammonium 
persulfate was added, the monomer mixture was continuously supplied to maintain the Inside pressure of the reactor 
constant at 10 kgf/cm^, and the reaction was carried out for 20 hours. Aftenvards the Inside conditions of the reactor 
were returned to normal temperature and normal pressure to temiinate the polymerization and give an aqueous dis- 
persion of a VdF polymer of the present invention, and the following tests were carried out. 
The tests were carried out in the following manner. 

Solid content: 

The aqueous dispersion was dried at 1 50**C for one hour In a vacuum dryer. The ratio of a weight after drying 
to a weight before drying of the aqueous dispersion is shown by percentage. 
Average particle size: 

Measured by a laser beam scattering particle size measuring device (tradename ELS-3000 available from 
Otsuka Denshi Kabushiki Kalsha). 
Particle size distribution: 

Partfcie size was measured with a laser beam scattering particle size measuring device (tradename ELS-3000 
available from Otsuka Denshi Kabushiki Kalsha), and a ratio of a weight average particle size dw to a number 
average particle size dn (dw/dn) was assumed to be particle size distribution. 
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Stability against sedimentation: 

The aqueous dispersion was atlowed to stand at ZS^'O for 60 days and then evaluated as follows: 

The aqueous dispersion when checked with naked eyes was evaluated to be 'CT where there was no change 

in dispersed state, to be "^^ when sedimentation ot particles and phase separation occurred but re-dispersing 

procedure was possible by shaking, and to be "x" when sedimentatton of particles and phase separation occun^ed 

and re-dispersing procedure coutd not be done even by shaking. 

[0131 ] The results are shown in Table 2. 
Examples 2 to 13 

[0132] The aqueous dispersion of the VdF copolymer of the present Invention was obtained In the sanae manner as 
in Example 1 except that the polymerization conditions shown in Table 2 were enfployed. The same tests as in Example 

1 were candied out. The results are shown In Table 2. 

Comparative Examples 1 to 6 

[01331 An aqueous dispersion of a VdF copolymer or an aqueous dispersion of a tetrafluoroethylene-propylene co- 
polymer was obtained In the same manner as in Example 1 except that the polymerizatk>n conditions shown In Table 

2 were employed. The same tests as In Example 1 were carried out. The results are shown In Table 2. 
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■I 



Example 14 



[0134] A 200 four-necked flask equipped with a stirrer, cooling tube and thermometer was charged with 70 g of 
the aqueous dispersion of the VdF copolymer prepared In Example 7. and thereto was added an alkali salt of alkylal- 
lylsulfosuccinate {available from Sanyo Kasel Kogyo KabushikI Kalsha, tradename: ELEMINOL JS2) in an amount of 
0.5 % on the basis of the solid resin as a polymerlzable emulsifying agent for securing stability of seed particles In 
seed polymerization, followed by heating in a water bath with stirring. When the inside temperature of the flask reached 
SO^'C. to the reactor was added dropwise for an hour an emulsion prepared by emulsifying, with the 0.5 % aqueous 
solution of an alkali salt of alkylallylsulfosuccinate, a monomer mixture of 11.2 g of methyl methacrylate (hereinafter 
refenred to as MMA) and 1 .6 g of polyoxyethylene methacrylate (available from Nippon YushI KabushikI Kaisha, trade- 
name: PME 400, number of moles of ethylene oxide: 9). Immediately after completion of the addition, 1 mf of a 2 % 
aqueous solution of ammonium persulfate was added to initiate the reaction. Three hours after the initiation of the 
reaction, the inside temperature of the flask was raised to 85'C, and after keeping at that temperature for one hour, 
then cooled. Then pH was adjusted to 7 with aqueous ammonia, followed by filtration with 300 mesh metal net to give 
an aqueous dispersion of a VdF seed polymer of the present Invention with bluish white color. Then the following tests 
were carried out. 

[01351 The tests were carried out In the foltowing manner. 

(1) With respect to an aqueous dispersion of a VdF seed polymer 



Solid content, Average particle size: Tests were carried out in the same manner as In Example 1 . 
Viscosity: Measurement was made at 25''C with a B type viscometer. 

Minimum film fomning temperature (MFT): Minimum temperature at which a continuous film wasfomied was meas- 
ured with a thermal gradient tester (available from Rigaku Kogyo KabushikI Kalsha). 

(2) With respect to a film formed by using the above-mentioned aqueous dispersion of the VdF seed polymer 

[0137] Transparency: An aqueous dispersion was poured in a 10 cm diameter petri dish so that a dried film thickness 
became 200 \im, and then dried at BO^'C for 24 hours. With respect to the obtained film, transmittance of light having 
a wavelength of 800 nm was measured and evaluated as follows. 

[0138] When the film was transparent (when transmittance was not less than 90 %), the transparency was evaluated 
as O. When semltransparent (when transmittance was from 60 to 90 %), the transparency was evaluated as A. When 
turi^id In white (when transmittance was not more than 60 %), the transparency was evaluated as x. 
[01 39] Water resistance: The film was cut to 2 cm x 4 cm and then dipped in hot water of 50*C for one week. A ratio 
of increase in weight, wliich was calculated by the following equation, was assumed to be a water absorption ratio. 



[0140] A ratio of decrease In weight, which was calculated by the following equation after re-dryIng, was assumed 
to be an elution retro. 



(3) With respect to a coating obtained from the above-mentioned aqueous dispersion of the VdF seed polymer 

[0141 1 On the basis of 1 00 parts by weight of a solid resin contained in the aqueous dispersion obtained in Example 
14 were added 50 parts by weight of titanium oxide (available from Ishihara Sangyo KabushikI Kalsha, tradename: 
CR90) as a filler, 2 parts by weight of DISCOAT H-1 4 (available from Nippon Nyukazai KabushikI Kaisha) as a dispersing 
agent, 1 part by weight of ethylene glycol as an antifreezing agent, 0.5 part by weight of FS ANTIFOAM 01 SB (available 
from Nippon Nyukazai Kabushita* Kaisha) as a defoaming agent, 0.5 part by weight of SN TH ICKEN ER A-81 B (available 



[0136] 



Water absorption ratio (%) = 

(Weight after dipped ~ Initial weight) 
Initial weight 



X 100 



Elution ratio (%) = 

(initial weight - Weight after re-dried) 
Initial weight 



X 100 
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from Sunnopco Kabushiki Kaisha) as a thickener and 10 parts by weight of TEXANOL CS12 (available fronn Chisso 
Kabushlkl Kaisha) as an auxiliary tor film formation, followed by mixing sufficiently with a dispersing stirrer to give a 
paint. Then the following tests were carried out. 

[0142] Gloss: The obtained paint was applied on a glass plate by means of an applicator so that the coating thickness 
s after drying was 20 \im. After drying at room temperatu re for one week, gloss of the coating was measured with a gloss 
meter (available from Suga Shikenki Kabushiki Kaisha) with an angle of reflection of 60^. 

[01431 Weather resistance: The obtained paint was applied by means of an airless spray gun on a slate whteh had 
been coated with an aqueous epoxy resin sealer EIW-0150 (available from Sanyo Kasei Kogyo Kabushiki Kaisha) so 
that the coating thickness after drying was 100 pjn. The coated slates were dried at room temperature for 24 hours 
10 and further at 80^*0 for two hours. After those coated slates were allowed to stand in the accelerated weathering 
machine (SUV) for 1,000 hours, gloss retention ratio was measured and evaluated as follows. 
[01441 When the gloss retention ratio Is not less than BO %, from 60 to 80 % and not more than 60 %, weather 
resistance is evaluated as O, A and x. respectively. 

[0145] Alkali resistance: A coated plate obtained In the same nfianner as in the weather resistance test was dipped 
f5 in an aqueous solution of 3 % NaOH at 50*^0 for one week, and coloration and blister of a coating was Judged with 
naked eyes. 

[0146J Acid resistance: A coated plate obtained In the same manner as in the weather resistance test was dipped 
in a 1 % acid solution at SO'^C for one week, and coloration and blister of a coating was judged with naked eyes. 
[0147] The results are shown in Table 3. 

20 

Examples 15 to 17 

[01 48] An aqueous dispersion of a Vd F seed polymer of the present invention was prepared In the same manner as 
In Example 14 except that the seed polymerization conditions shown In Table 3 were employed, and the same tests 
2S as in Example 1 4 were canied out in the same manner as in Exanple 1 4. The results are shown in Table 3. 

Comparative Examples 7 and 8 

[0149] An aqueous dispersion of a VdF seed polymer was prepared in the same manner as in Example 14 except 
30 that the seed polymerization conditions shown in Table 3 were employed, and the same tests as in Example 1 4 were 
carried out in the same manner as in Example 14. The results are shown in Table 3. 
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[01501 As is clear from Table 3, when only an annmonlum satt of pertluorooctanoic acid which Is not reactive is usees 
as an emulsifying agent, If a small amount thereof Is used, the particle size becomes large and a highly glossy coating 
cannot be obtained and If a large amount is used, transparency of the formed film is lowered, and no gloss of the 
coating is obtained. Also lowering of water resistance and weather resistance of the coating Is obsen/ed. 
[0151 1 On the contrary, when the reactive emulsifying agent Is used according to the present Invention, not only any 
of the above-mentioned properties Is satisfied but also a coating of a dispersed aqueous composition having a low 
MFT even in case of the same resin composition can be obtained. 

INDUSTRIAL APPLICABILITY 

[0152] The aqueous dispersion of the VdF copolymer of the present Invention is excellent in stability against sedi- 
mentation because an average particle size of the VdF copolymer In the dispersion is as small as not more than 200 
nm and a solid content in the dispersion is as high as from 30 to 60 %. 

[0153] Also the process for preparation of the aqueous dispersion of the VdF copolymer of the present Invention can 
provide the above-mentioned dispersion by copolymerlzing VdF monomer with the reactive emulsifying agent. In which 
the dispersion is excellent In stability against sedimentation because an average particle size of the VdF copolymer Is 
as small as not more than 200 nm and a solid content of the dispersion is as high as from 30 to 60 %. 
[01 541 Furtherthe aqueous dispersion of the VdF seed polymer of the present invention is excellent In stability against 
sedimentation because an average particle size of the VdF seed polymer in the dispersion is as small as not more 
than 250 nm and a solid content of the dispersion Is as high as from 30 to 60 7o. A film obtained from the dispersion 
has excellent transparency and good water resistance, and also an aqueous paint obtained from the dispersion is 
highly glossy and Is excellent In weather resistance, acid resistance and alkali resistance. 

[01551 Furtherthe process for preparation of the aqueous dispersion of the VdFseed polymer of the present invention 
can provide the above-mentioned dispersion prepared by seed-polymerizing an ethylenlcaily unsaturated monomer in 
the presence of the VdF copolymer particles obtained by copolymerizing VdF monomer with the reac^e emulsifying 
agent, in which the dispersion is excellent in stability against sedimentation because an average particle size of the 
VdF seed polymer in the dispersion is as small as not more than 250 nm and a solid content of the dispersion is as 
high as from 30 to 60 %. 



1 . An aqueous dispersion of a vinylidene fluoride copolymer, characterized in that the dispersion has a solid content 
of 30 to 60 % by weight and an average particle size of the copolymer of not more than 200 nm; the copolymer 
being prepared by copolymerlzing vinylidene fluoride monomer with at least one reactive emulsifying agent se- 
lected from the group consisting of those represented by the formula (1): 



Claims 



CP, = cr-<CF,h-Y 



(I) 



wherein a is an integer of 1 to 10. Y is SO3M or COOM, 1^4 is H, NH4 or an allcali metal, 
the fonnula (li): 



CF, = CF-(CF,CFIH-T 



(ID 



wlierein X is F or CFg, b Is an Integer of 1 to 5. Y is SO3M or COOM, M is H. NH4 or an aikall metal, 
thefonnuia (III): 



CF, = CF-0-{CFXh-T 



(in) 
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wherein X Is F or CFg. c is an integer of 1 to 10. Y is SQ3M or COOIVI. M is H, NH4 or an atKail metal, 
the formula (IV): 



CF« = CF-0-(CF,CFrO)^CF,CF|-T (iv ) 



wherein X Is F or CFg. d is an Integer of 1 to 10, Y Is SO3M or COOM, M Is H, NH4 or an alkali metal, 
the fomiula (V): 



CB, CFCF,-0-(CF(CF.)CP,0};-CF{CF3)-Y (V) 



wherein e Is 0 or an Integer of 1 to 1 0, Y is SO3M or COOM, M is H, NH4 or an alkali metal, and 
the formula (VI): 



CF, = CFCF,-0HCP(CF,)CF,0)7-CF(CF,)-Y 



wherein f is an Integer of 1 to 10. Y is SO3M or COOM, M Is H. NH4 or an alkali metal. 

An aqueous dispersion of a vinylldene fluoride seed polymer prepared by emulsion-polymerizing a fiuorine-free 
ethylenically unsaturated monomer In the presence of vinylidene fluoride copolymer particles, characterized in 
that the vinylidene fluoride copolymer is a copolymer prepared by copolymerizing vinylldene fluoride monomer 
with at least one reactive emulsifying agent selected from the group consisting of those represented by the fomiula 
(I): 



CF, ^ CFHCF,K-T (I) 

wherein a is an integer of 1 to 10, Y is SO3M or COOM. M is H, NH4 or an alkali metal, 
the fomnula (II): 

CF. = CFHCF.CFIh-T ' (11) 

wherein X is F or CF3, b Is an integer of 1 to 5. Y Is SO3M or COOM, M is H. NH4 or an alkali metal, 
thefonnuia (III): 



CF. =''CF-0-(CFXh~T ([ID 



wherein X is F or CFg. c is an integer of 1 to 10. Y is SO3M or COOM. M is H, NH4 or an alkali metal, 
the formula (IV): 



CF, = CF-0-(CFiCFI0)7-CFtCF.-Y (W ) 



wherein X is F or CF3. d is an Integer of 1 to 10, Y Is SO3M or COOM, M Is H, NH4 or an alkali metal. 
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the formula (V): 



CH, CFCFi-O-iCF (W,) CftO)^C? (CF,) -Y (V) 

wherein e Is 0 or an integer of 1 to 10, Y is SO3M or COOIVI. M Is H, NH4 or an alkali metal, and 
the fonnula (VI): 

CF, = CFCF,-0-(CF(CF,)CF,0)7-CF(CF,)-y {VI ) 

IS wherein f Is an integer of 1 to 1 0, Y is SO3M or COOM, M is H. NH4 or an alkali metal, 

and that the dispersion has a solid content of 30 to 60 % by weight and an average particle size of the copolymer 
of not more than 250 nm. 

20 PatentansprOche 

1 . WaBrlge Dispersion eines Vinylidenfluoridcopolymers, 
daduich gekennzelchnet, daf) 

die Dispersion einen Feststoffgehalt von 30 bis 60 Gewichts-% und eine mittiere TellchengroBe des Copolymers 
25 von nicht mehr als 200 nm autweist; wobei das Copolymer durch das Copoiymerisieren von Vinylidenfluoridmo- 
nomermlt mindestens einem reaktlven Emulgieningsmlttei hergestellt wird, das aus der Gruppe ausgewShlt ist. 
die aus Verblndungen besteht, durch die Formel (I): 

30 CF2 = CF-(CF2)^-Y (1) 

worin a eine ganze Zahl von 1 bis 10 ist. Y fiir SO3M Oder COOIVI stehl. M fur H, NH4 oder ein Allcalimetail steht, 
die Fomiel (II) : 

35 

CFg = CF-{CF2CFX)b-Y (II) 

worin X fiir F oder CF3 steht, b eine ganze Zahl von 1 bis 5 ist, Y fiir SO3M oder COOM steht, M fur H, NH4 oder 
eIn Aiicalimetall steht. 
die Formel (ill): 

CF2 = CF-0-(CFX)^-Y (III) 

worin X fur F oder CF3 steht. c eine ganze Zahl von 1 bis 1 0 Ist. Y fur SO^M oder COOM steht, M fDr H, NH4 oder 
ein Aifcalimetali steht, 
die Fonnel (IV): 

50 CFg = CF-0-(CF2CFXO)d-CF2CF2-Y (IV) 

worin X fur F oder CF3 steht, d erne ganze Zahl von 1 bis 1 0 ist, Y fur SO3M oder COOM stehl, M fur H, NH4 oder 
ein Alkalimetali steht, 
die Fomriel (V): 



45 
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CHg = CFCF2-0-(CF(CF3)CF20)e-CF(CF3)-Y (V) 
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worin e 0 Oder eine ganze Zahl von 1 bis 1 0 ist, Y fQr SO3M Oder COOM steht. M fOr H, NH4 Oder ein Alkallmetall 
steht, 

und die Formel (VI) wiedergegeben werden: 

CF2 = CFCF2-0-{CF{CF3)CF20),-CF(CF3)-Y (VI) 

worin f eine ganze Zahl von 1 bis 10 ist, Y fur SOgM oder COOM steht, M fur H, NH4 oder ein Alkalimetall stehL 

WafBrige Dispersion eines Vinylidenfluorid-Keimpolymers, die durchdie Emulsionspolymerisation eines fluorfreien 
ethylenisch ungesattigten Monomers in Gegenwart von Vlnylidenfiuoridcopolynr^erteilchen hergestellt wird, 
dadurch gekennzelchnet, da3 

das Vinylldenfluoridcopolymer ein Copolymer ist, das durch die Copolymerisierung von Vinylidenfluoridnnonomer 
mit mindestens einem reaktiven Emulgierungsmittel hergestellt wird, das aus der Gruppe ausgewahlt ist, die aus 
den Verblndungen besteht. die durch die Fomnel (I): 

CF2 = CF-(CF2)a-Y (I) 

worin a eine ganze Zahl von 1 bis 1 0 ist. Y fur SO3M oder COOM steht, M fiir H. NH4 oder ein Alkallmetall steht. 
die Fomnel (11): 

CF2 = CF-{GF2CFX)b-Y (II) 

worin X tiir F oder CF3 steht, b eine ganze Zahl von 1 bis 5 ist. Y fQr SO3M oder COOM steht, M fOr H, NH4 oder 
ein Alkallmetall steht, 
die Formel (III): 

CF2 = CF.0-(CFX)^-Y (III) 

worin X fiir F oder CF3 steht, c eine ganze Zahl von 1 bis 1 0 ist, Y fur SO3M oder COOM steht, M fur H, NH^ oder 
ein Alkalimetall steht, 
die Fomel (IV): 

CFg = CF-0-(CF2CFXO)j-CF2CF2-Y (IV) 

worin X fur F oder CF3 steht, d eine ganze Zahl von 1 bis 1 0 ist, Y fur SO3M oder COOM steht, M fQr H, NH4 oder 
ein Alkailmetall steht, 
die Fomnel (V): 

GH2 = CFCF2-0-(CF(CF3)CF20)^-CF(CF3)-Y (V) 

worin e 0 oder eine ganze Zahl von 1 bis 10 ist, Y fiir SO3M oder COOM steht, M fur H, NH4 oder ein Alkalimetall 
steht, 

und die Formel (VI) wiedergegeben werden: 

CFg = CFCF2-0-(CF(CF3)CF20),-CF(CF3)-Y (VI) 

worin f eine ganze Zahl von 1 bis 10 ist, Y fur SOjM oder COOM steht, M fur H, NH4 oder ein Alkalimetall steht, 
und daB die Dispersion einen Feststoffgehalt von 30 bis 60 Gewichts-% und eine mittlere TeilchengrolBe dee Co- 
polymers von nicht mehr als 250 nm aufweist. 



33 



EP 0 779 335 B1 

Revendications 

1. Dispersion aqueuse d'un copolymfere defluorure de vlnylld^ne, caractdrise en ce que la dispersion a une teneur 
en sondes de 30 d 60% en polds et une tallte partlculaire moyenne du copolymfere non sup^rieure d 200 nm ; le 
copolymere §tant pr§par6 en copolymerisant le monomfere de fluorure de vlnylld^ne avec au nnolns un agent 
6mulsifiant r6actif choisi dans le groupe constltue par ceux repr6sent6s par la formule (I) : 

CF2 = CF-tCF5)r-Y (I) 

dans laquelle a est un nombre entler de 1 ^ 10, Y est SO3M ou COOM, M est H, NH4 ou un metal alcalln, 
la formule (II) : 



CF2 = CF-eCFjCFXib- Y (n) 

dans laquelle X est F ou CF3, b est un nombre entler de 1 & 5, Y est SO3M ou COOM. M est H, NH^ ou un metal 
alcalln, 

la formule (III): 



CF2 = CF-0-fCFX-)c" Y (in) 



dans laquelle X est F ou CF3, c est un nombre entler de 1 d 10, Y est SO3M ou COOM. M est H, NH4 ou un m6tai 
alcalln. 

la formule (IV): 

CF2 = CF-OfCFaCFXOia-CFjCFz - Y (IV) 

dans laquelle X est F ou CFa. d est un nombre entler de 1 d 10, Y est SO3M ou COOM, M est H. NH4 ou un mdtal 
alcalln. 

lafomiule (V) : 



CH2 = CFCF2-C>i<:F(CF3)CF20ie" CF{CF^) - Y (V) 

dans laquelle e vaut 0 ou est un nombre entler de 1 & 1 0, Y est SQ3M ou COOM, M est H, NH4 ou un mdtal alcalln, et 
la fonnule (VI) : 



CF2 = CFCF2-0-eCF(CF3)CF20-^F(CF3) - Y (VI) 

dans laquelle f est un nombre entler de 1 & 10, Y estSOgM ou COOM, M estH, NH^ou un m6tal alcalln. 

2. Dispersion aqueuse d'un polymdre ensemenc6 de fluorure de vlnylld6ne pr6par6 par polym6risatlon en 6mulslon 
d'un monomfere Insatur6 §thyl6nlquement exempt de fluor en presence de partlcules de copolymdre de fluorure 
de vinyiidene. caracterise en ce que le copolymere de fluorure de vinylidene est un copolymere prepare en 
copolymdrlsant un monom^re de fluorure de vinylidene avec au molns un agent dmuislfiant cholsl dans le groupe 
constltue par ceux representes par la fonnule (I) : 



CF2 = CF-fCF2^Y (I) 



dans laquelle a est un nombre entler de 1 d 10, Y est SO3M ou COOM, M est H, NH4 ou un metal alcalln, 
la formule (II): 
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CF2 = CF-eCFaCFX-fe- Y (D) 

5 dans laquelle X est F ou CF3, b est un nombre entler de 1 & 5, Y est SO3M ou COOM, M est H, NH4 ou un m6tal 

atcalln, 

la formula (III) : 



CF2 = CF-O-fCFXI^Y (UI) 



dans laquelle X est F ou CF3, c est un nombre entier de 1 ^ 10. Y est SO3M ou COOM. M est H, NH4 ou un metal 
alcalin, 
IS lafomiule(IV): 

CF2 = CFO-eCFaCFXOia-CFzCFz - Y (IV) 

20 dans laquelle X est F ou CF3, d est un nombre entler de 1 & 1 0. Y est SO3M ou COOM, M est H, NH4 ou un m6tal 
alcalln; 

la fonnule (V) : 

CH2 = CFCF2-C>t<:F(CF3)CF20i5- CF(CF3) - Y (V) 

dans laquelle e vaut 0 ou est un nombre entier de 1 & 1 0. Y est SO3M ou COOM. M est H, NH4 ou un m^tal alcalin, et 
la fonnule (VI): 

30 

CF2 = CFCF20-tCF(CF3)CF20-)rCF(CF3) - Y (VI) 

3s dans laquelle f est un nombre entler de 1 d 10, Y est SO3M ou COOM, M est H, NH4 ou un mdtal alcalln, 

et en ce que la dispersion a une teneur en solides de 30 k 60% en polds et une taille parttculaire moyenne du 
copolym^re non sup^rieure k 250 nm. 

40 
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